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1 2 $2d$ ,
$2H$ $O$
2. 2
3 1 $H$, 1
$L$ $a_{0}/\omega$ , $\sqrt{v/\omega}$
$\sqrt{\kappa/\omega}$
$a_{0},\omega$ $v$ $\kappa$
$\frac{H}{L}\equiv\lambda<<1,$ $\frac{\omega L}{a}\equiv\frac{1}{X}\leq o(1),$ $\frac{\sqrt{v/\omega}}{H}\equiv\delta=o(1)$ (2.1)
$\lambda<<1$
:













$\frac{\partial\rho}{\partial t}+\nabla\cdot(\rho u)=0$, (2.3)
$\rho\frac{Du}{Dt}=-\nabla p+\nabla(\mu\nabla\cdot u)+\nabla[(\mu_{v}+\frac{1}{3}\mu)\nabla\cdot u]$ , (2.4)







(24) $\mu_{v}$ (2.5) $S,\Phi$
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$\frac{\partial\rho’}{\partial t}+\frac{\partial(\rho_{e}v’)}{\partial y}+\frac{\partial(\rho_{e}u’)}{\partial x}=0$, (2.8)
$\rho_{e}\frac{\partial u’}{\partial t}=-\frac{\partial p’}{\ }+ \mu_{e}\frac{\partial^{2}u’}{\Phi^{2}}$, (2.9)
$0=- \frac{\partial p’}{\partial y}$ , (2.10)




$\rho_{s}c_{s}\frac{\partial T_{s}’}{\partial t}=k_{s}\frac{\partial^{2}T_{s}’}{\Phi^{2}}$ . (2.13)
$u’=v’=0$ at $y=\pm H$ (2.14)
$T’=T_{t}’$ and $-k_{e} \frac{\partial T’}{\Phi}=-k_{s}\frac{\partial T_{s}’}{\partial y}$ at $y=\pm H$ (2.15)
$-k_{s} \frac{\partial T_{s}’}{\partial y}=0$ at $y=H+d$ (2.16)
(2.10)
$\frac{\partial^{2}p’}{\partial t^{2}}-\frac{\partial}{\partial\kappa}(a_{e}^{2}\frac{\partial p’}{\partial x})=\frac{1}{2H}[-\frac{\partial}{\partial x}(a_{e}^{2}s)+\frac{a_{e}^{2}}{c_{\rho}T_{e}}\frac{\partial q}{\partial t}]$ (2.17)
$s$ $q$
$s= \mu_{e}\frac{\partial u’}{\phi}|_{y=H}-\mu_{e}\frac{\partial u’}{\Phi}|_{y^{-H}}$ , (2.18)




$f \{u’\}=\frac{1}{\sqrt{2\pi}}r_{\infty}u’(x,y,tk^{i\omega l}dt\equiv\hat{u}’(x,y,\omega)$ (3.1)
$f^{-1} \{\hat{u}’\}=\frac{1}{\sqrt{2\pi}}r_{\infty}\hat{u}’(x,y,\omega\grave{\mu}^{-l\omega l}dt\equiv u’(x,y,t)$ (3.2)
$u’,T’$






$f$ (3.6) $Pr=1$ (3.4) $\epsilon$










$\hat{s}=2\sqrt{v_{e}}\sigma^{-1/2}g(x,H)\frac{\partial\hat{p}’}{\partial x}$ , (3.13)
$\sigma\hat{q}=\frac{2c_{p}T_{e}\sqrt{v_{e}}}{a_{e}^{2}}\{-\frac{\gamma-1}{\sqrt{Pr}}\sigma^{3/2}\hat{p}’g_{p}(x,H)+\frac{a_{e}^{2}}{T_{e}}\frac{dT_{e}}{dx}\sigma^{-1/2}\frac{\partial\hat{p}’}{\partial x}$
$\cross[\frac{1}{1-Pr}g(x, H)-\frac{1}{(1-Pr)\Gamma p_{r}^{-}}g_{p}(x, H)]+\epsilon\sigma\hat{q}_{1},,$ , (3.14)
$\sigma\hat{q}_{\nu}=-C_{P}\sigma\hat{q}+o(\epsilon)$ , (3.15)
(3.16)








$(3.18)$ $(3.19)$ $M_{7}.(t)$ , $M_{D}(t)$
$s,q$
$s=2 \sqrt{v_{e}}\mathcal{M}(\frac{\partial p’}{\ })$ , (3.22)
$\frac{\partial q}{\partial t}=2c_{p}T_{e}\sqrt{}\{-\frac{\gamma-1}{\sqrt{Pr}}\mathcal{M}_{p}(\frac{1}{a_{e}^{2}}\frac{\partial^{2}p’}{\partial t^{2}})$
$+ \frac{1dT_{e}}{T_{e}\ }[\frac{1}{1-Pr}\mathcal{M}(\frac{\partial p’}{\ })- \frac{1}{(1-Pr\rangle\ulcorner p_{\Gamma}}\mathcal{M}_{p}(\frac{\partial p’}{\partial \mathfrak{r}})]\}+\epsilon\frac{\partial q,\nu}{\partial t})$ (3.23)
$\frac{\partial q_{1\gamma}}{\partial t}=2c_{p}T_{e}\sqrt{v_{e}}\{\frac{r-]}{\sqrt{Pr}}\mathcal{M}_{D}(\frac{1}{a_{e}^{2}}\frac{\partial^{2}p’}{\partial t^{2}})$
$- \frac{1}{T_{e}}\frac{dT_{e}}{dx}[\frac{1}{1-Pr}ft_{\Gamma}(\frac{\partial p’}{\ })- \frac{1}{(1-Pr)\Gamma Pr}\mathcal{M}_{D}(\frac{\partial p’}{\partial x})]\}+o(\epsilon)$ (3.24)
$\mathcal{M}_{P},\mathcal{M}_{J}$
$\mathcal{M}_{P}[\phi(x,t)]\equiv\frac{1}{\sqrt{\pi}}\iota_{\infty}\frac{c\beta_{e}(t-\tau)/PrH^{2}]}{\sqrt{t-\tau}}\phi(x,\tau)d\tau$ , (3.25)
$\mathcal{M}_{1}[\phi(x,t)]\equiv\iota_{\infty}M_{l}(t-\tau k(x,\tau)d\tau,$ $(I=D or T)$ (3.26)
(3.25) $Pr=1$
$T$ $D$
$\frac{\partial^{2}p’}{\partial t^{2}}-\frac{\partial}{\partial x}(a_{e}^{2}\frac{\partial p’}{\partial x})+\frac{\partial}{\partial x}[\frac{a_{e}^{2}\sqrt{v_{e}}}{H}\mathcal{M}(\frac{\partial p’}{\partial\alpha})]+\frac{\sqrt{v_{e}}}{H}\frac{\gamma-1}{\sqrt{Pr}}\mathcal{M}_{p}(\frac{\partial^{2}p’}{\partial t^{2}})$
$- \frac{a_{e}^{2}dT_{e}\sqrt{v_{e}}}{T_{e}dxH}[\frac{1}{1-Pr}\mathcal{M}(\frac{\partial p’}{\ })- \frac{1}{(1-p_{r}\mathscr{W}p_{\Gamma}}\mathcal{M}_{p}(\frac{\partial p’}{\ })]= \epsilon W$, (3.27)
$W= \frac{\sqrt{v_{e}}}{H}\{\frac{\gamma-1}{\sqrt{Pr}}\mathcal{M}_{D}(\frac{\partial^{2}p’}{\partial t^{2}})$
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$M_{T}$ $\sigma=-(2n-1)^{2}\pi^{2}v_{e}/4H^{2},$ $\sigma=-(2n-1)^{2}\pi^{2}\kappa_{e}/4H^{2}$ , $\sigma=-n^{2}\pi^{2}\kappa_{s}/d^{2}$
$M_{T}(t)= \frac{2\sqrt{v_{e}}}{H}\sum_{n=1}^{\infty}\frac{\tan[(n-1/2)\pi\sqrt{v_{e}/\kappa_{e}}]_{-}-}{\tan[(n-1/2k\sqrt{v_{e}/\kappa_{e}}Ge\rfloor}\exp[-\frac{(2n-1)^{2}\pi^{2}v_{e}t}{4H^{2}}]$
$+ \frac{2\sqrt{\kappa_{e}}}{H}\sum_{n=1}^{\infty}\frac{[(n-1/2)\pi\sqrt{\kappa_{e}/v_{e}}]}{\tan[(n-1/2)\pi Ge]}\exp[-\frac{(2n-1)^{2}\pi^{2}\kappa_{e}t}{4H^{2}}]$ (4. 1)
$- \frac{2\sqrt{\kappa_{s}}}{d}\sum_{n=1}^{\infty}\tan(\frac{n\pi}{Ge}I$ fan $( \frac{n\pi}{\sqrt{v_{e}/\kappa_{e}}Ge})\exp[-n^{2}\pi^{2}\frac{\kappa_{\iota}t}{d^{2}}]$
$M_{D}$ $\sigma=-(2n-1)^{2}\pi^{2}\kappa_{e}/4H^{2}$ 2
$M_{D}(t)= \frac{2\sqrt{\kappa_{e}}}{H}\sum_{n=1}^{\infty}\frac{(2n-1)\pi\kappa_{e}t}{\tan[(n-1/2)\pi Ge]H^{2}}\exp[-\frac{(2n-1)^{2}\pi^{2}\kappa_{e}t}{4H^{2}}]$




















$\mathcal{M}(\phi)\approx \mathcal{M}_{l}[\phi(x,t)]\approx\frac{1}{\sqrt{\pi}}\iota_{\infty}\frac{\phi(x,\tau)}{\sqrt{t-\tau}}d\tau\equiv\frac{\partial^{-1/2}\phi}{\partial t^{-1/2}}$ (5.2)
$\frac{\partial^{2}p’}{\partial t^{2}}-\frac{\partial}{\partial x}(a_{e}^{2}\frac{\partial p’}{\ })+ \frac{a_{e}^{2}\sqrt{v_{e}}}{H}[c\frac{\partial^{-1/2}}{\partial t^{-1/2}}(\frac{\partial^{2}p’}{a^{2}})+(C+c_{T})\frac{1}{T_{e}}\frac{dT_{e}}{dx}\frac{\partial^{-1/2}}{\partial t^{-1/2}}(\frac{\partial p’}{\ }1]=0,$ (5.3)
$C=1+(1- \epsilon)\frac{\gamma-1}{\sqrt{Pr}},$ $C_{T}= \frac{1}{2}+\frac{\beta}{2}+\frac{(1-\epsilon)}{\sqrt{Pr}+Pr}$ (5.4)
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$C,$ $C_{l}$ . $\epsilon$
5.2
$De<<1$
$\frac{\partial p’}{\partial t}-\frac{\partial}{\partial x}(\alpha\frac{\partial p’}{\partial x})+\frac{\alpha}{T_{e}}\frac{dT_{e}}{dx}\frac{\partial p’}{\partial x}-(r-1)Pr\frac{\alpha}{a_{e}^{2}}\frac{\partial^{2}p’}{\partial t^{2}}$
$+ \frac{2}{5}[\frac{\partial}{\ }( \frac{\alpha H^{2}}{v_{e}}\frac{\partial^{2}p’}{\partial t\partial x})-(1+Pr)\frac{\alpha H^{2}}{v_{e}T_{e}}\frac{dT_{e}}{dx}\frac{\partial^{2}p’}{\partial t\ }]= \epsilon w$, (5.5)
$\epsilon w=\frac{\epsilon}{Ge}\{\frac{\gamma-1}{\gamma}\frac{\partial p’}{\partial t}+\frac{\alpha}{T_{e}}\frac{dT_{e}}{dx}\frac{\partial p’}{\ }-( \gamma-1)Pr[2-PrGe^{2}I\frac{\alpha\partial^{2}p’}{a_{e}^{2}\partial t^{2}}$








$10^{-3}$ 1 $0^{}$ $\epsilon$ 1
P , $M_{J}$
$M_{T}(t),$ $M_{D}(t)$










(3.7) $f_{KP}$ $0$ $\hat{T}_{s}’$ $f_{s},$ $f_{SP}$
$A^{-1}f_{s},$ $A^{-1}f_{SP}$ (3.15) $|$
$o \hat{q}_{\nu}=-\frac{2c_{p}T_{e}\sqrt{v_{e}}}{a_{e}^{2}}[\frac{1a_{e}^{2}dT_{e}}{1-PrT_{e}dx}\sigma^{-1/2}\frac{\phi^{\wedge}\prime}{\ } \frac{C_{P}}{\Lambda}g(x,H)]$ (6.4)
(3.17) $1/A$
$\frac{1}{\sqrt{2\pi}}f^{-1}\{\frac{\sigma^{-\frac{1}{2}}}{1+\epsilon\tanh(\sqrt{Pr}/\delta_{e})/\tanh(1/\delta_{s})}\tanh(\sqrt{Pr}/\delta_{e}I\}$ (6.5)
























3 $\epsilon=0.01$ $\Phi-\epsilon M_{D}$ $Ge=1.5,2.5,3.5,4.5$
$t$ 1/ $t$
$Ge$ 4 $\epsilon=0.2$
$Ge=1.95,2.05$ $\Phi-\epsilon M_{D}$ $Ge=2.0$
(6.9) $M_{T}.(t),$ $M_{D}(t)\ovalbox{\tt\small REJECT}$





















[1] G.W.Swift: Thermoacoustic: A Unifying Perspective for Some Engines and Refrigerators,
Acoustical Society ofAmerica (2002).
[2] : 24, 381-393
(2005).
[3] N. Sugimoto & M. Yoshida: ”Marginal condition for the onset of thermoacoustic oscillations
of a gas in a tube‘’, Phys. Fluids, 19, 074101 (2007).
[4] N. Sugimoto& D. Shimizu: ”Boundary-layer theory for Taconis oscillations in a helium-filled
tube”, Phys. Fluids, 20, 104102 (2008).
[5] D. Shimizu&N. Sugimoto: ”Numerical study of thermoacoustic Taconis oscillations ‘’, J.Appl.
Phys., 107, 034910 (2010).
[6] N. Sugimoto: “Thermoacoustic-wave equation for gas in a channel and tube subject to
temperature gradient,” J. Fluid Mech., 658, pp.89-116,2010.
[7] N. Sugimoto & H. Hyodo: “Effects of heat conduction in wall on thermoacoustic-wave
propagation‘’ $J$. Fluid Mech.,
248
